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Jets of low temperature air are introduced into the aft sections of gas 
turbine combustors for the purpose of cooling the high temperature gases and 
quenching the combustion reactions. Research studies, motivated by this 
conpiex i 1 uw field, hav^ been executed by introducing a heated jet into thy 
cross stream of a wind tunnel. The investigation by Kamo t an i and Grebar 
stands as a prime example of such investigations and it serves as the prin- 
cipal reference for the present study. 

The low disturbance level of the cross stream, in their study and in similar 
research investigations, is compatible with .,n interest in identifying the 
basic features, of this flow field. The influence of the prototypes* strongly 
disturbed cross flow is not, however, made apparent in these prior 
investigations. The present study provides a direct comparison of the thermal 
field properties for a low (u/U * 0.670 and a high (u/V = 34%) 

disturbance level condition. 


A novel technique was used for the data acquisition (Figure 1). Sixtv-four 
fast response (\ = 4msec) thermocouples were simultaneously sampled (and 
corrected for t lie time constant effect) al a downstream plane close to the jet 
exit (x/d*3-4). Various measures were used to characterize the thermal fields 
for the disturbed and undisturbed conditions, for two different momentum flux 


ratios ( J * p . V 7 / P V w * 1 6 , 6 4 > , 

j j © © 

(T.-22.2, 47. i and 61 . i ). 


and for three overheat conditions 


Two forms of data acquisition were used fot this study. Stochastic values 

were obtained from triplet values: T (t-flt', T, ( t ) and T.(t+6t), where 

K K K 

K*1....64 is the thermocouple designation and the *6t ( 6 1*0 . 64uaec ) values 
were used to form the central difference time derivative from which the 
corrected temperature value: (T^(t)}^, was determined. These values were 

retained for t, r+At, r+2‘»t...«t+NAt where N* *> ,000 for the undisturbed and 
10,000 for the disturbed condition and At^lOOma which ensured the statistical 
independence from its neighboring value. Instantaneous samples: At • 0.64ms 
and \» 1,22 *> were stored for J*lo, 64 and T. « 61.1 w c. 
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RESULTS 

Hist- jgrams, formed from the independent samples, were sufficiently smooth to 
approximate a probability density function; examples are shown in Figure 2 for 
a thermocouple from the central region of the jet. A striking result, from 
all such histograms, is that the peak (non-dimensional) temperature did not 
exceed 0.25. Hence, even at the relatively close x/d locations of the present 
study, molecular diffusivity has played a dramatic role in the reduction of 
the temperature for the fluid elements of the jet. 

The individual histograms, and the isothermal patterns that are fit to the 
mean values of the corrected temperatures, both reveal that the magnitude of 
the overheat exerts a significant dynamic effect on the let in a cross flow 
problem; see Figures 3 and 4. It is pertinent to note that the increasing 
distance of the thermal center of gravity, from the source plate with in- 
creasing jet temperature, is opposite to that which would be expected from 
buoyancy and enhanced entrainment effects. The former agrees with the 
Kamotani and Greber results, the latter is in disagreement. The physical 
reasons for this unexpected behavior are not apparent; the consistency of the 
trend: an increased penetration of the thermal field with an increased jet 
temperature, ir consistently observed and serves as a primary focus for 
further study. A further comparison with the results from Kamotani and Greber 
(see Figure 5) reveals a substantia] difference between the jet penetration 
for the two studies. This difference is (at least in part) attributed to the 
preser t use of a sharp-edge nozzle and to the large (6/d - 1.3) boundary layer 
for the present study. 


One clearly apparent effect of the large disturbance condition is the mi- 
gration of the centroid of the thermal field; see figure 6. Similar data for 
all of the instantaneous scans (6 disturbed, 3 undisturbed) are summarized in 

Table I; note: K ^ is the normaJ ized correlation coefficient between the 
s t 

veitical (s) and transverse (t) displacements of the thermal center of 
gravity . 


TABLE I* Cross strea-.i disturbance effect 
on centroid of temperature field 



J 

a 

s 

c.g. 

a 

t 

c.g. 

}T 

St 

undisturbed r.f. 

16 

.341 

.253 

.067 

undisturbed c.f. 

64 

.233 

.233 

-0.13 

disturbed c.f. 

16 

oo 

1.45 

-0.33 

disturbed c.f. 

64 

1.16 

1.12 

-0.45 


The lower mean values, of the disturbed cross stream mean isotherms, are 
apparently caused by these large centerline migrations; figure 7 shows an 
ins tantar.eous isotherm pattern that reveals maximum temperature values of the 
same order as those for the undisturbed case. 
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Figure la. Schematic of Jet Supply and Exit Conditions 

Note: Lateral (i.e.,z) position of the jet corresponds to the 

undisturbed position. The jet exit was moved into the 
low speed portion of the shear layer: u/U =0.25, for the 
disturbed flow condition. 0 





Figure lb. 


Schematic Representation of Jet Trajectory, Showing Lab 
coordinates (x, y, z) and Jet Coordinates U. n, 0 
Thenrocouples were located in the y-z plane at xO.5(f 0 r J-64) 
ano j.ob 
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Figure lc. Schematic Representation of the Temperature 
measurement system 
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Figure le. Thermocouple Array Assembly 
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Figure 4., Overheat Influence on s Component Centroid 

(i-aJculaitd urting Uother* conn uni) 
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Figure 5b. Legation of !cRp**raturv Lent^rlim.* ^R»8> 
trom Kamotarw and «.rcHt»r (IV*]) 



Figure 6* Variation of s Component of Centroid with Time 
0 * 1*. T jet - • 61. rc 

Note: ( t c g- t c g ) distribution draws a similar 

fluctuation level. 
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